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THE

GEOLOGY

SOUTHERN.

OF

CENTRAL

THE

PORTION

MORRISON

CAVE

OF

THE

AREA

by
Arthur Talpt

INTRODUCTION

~orrison Cave is located about 50 miles southeast of Butte,
was named after the man who discovered

it.

and renamed Morrison

Recently

Gave State Park.

the Civilian Conservation

It

lon.tana ,

Later it was taken over by the State
the government

with the aid of

Corps has built a new road to the cave and has made

the interior more accessible.

The name of the cave is now Lewis and Clark

Cavern National Monument.
The purpose of the report is to present a detailed reconnaissance
map of a newly acquired
engineering

geologic

national park and to give future mining and geological

students of the Montana School of r ines experience

in geologic field

work.
Field

ork was done in twenty days during the month of September

six crews of three students

each.

1937 by

The work was directed by a progressive

geol-

ogist, Dr. Eugene S. Perry, assisted by Dr. L. L. Sloss and Dr. G. F. Seager.
Each crew mapped a portion of the area and compilation
the complete map of the Morrison

Cave area, which is roughly five miles square.

Methods used in mapping are varied.

Each crew used, at sometime, an

alidade with plane table and stadia rod, open-sight
open-sight alidade and odometer

of each portion formed

alidade and pacing, and

(graduated speedometer).
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Acknowledgement

is made to the last reference

Cave area is in the northern
been included in the report.

especially.

tip of the Tobacco Root Mountains
Its description

The Morrison
and may have

of rocks and geology fits in

very well with this region.
LOCATION AND ACCESSIBILITY
The Morrison
Root Mountains

Cave area is located in the northern

or in the southeast

tip of the Tobacco

corner of .Tefferson County.

It lies about

itehall.

50 miles southeast of Butte or 15 miles due east of

Through the .Tefferson Canyon, a southern portion of the area, runs two
transcontinental

railroads

and a government

highway.

The railroads

are the

Northern PaCifiC, with stops. at Limespur and Lahood Park; and the Chicago,
Milwaukee

and St. Paul.

From government

terminate within the area.

highway No. 10 several side roads

The best of the side roads is the new cave road

and is part of the eastern boundary

of the area.

nother road which turns

north from the highway and several miles west of Lahood Park follows Cottonwood
Canyon and forms much of the western and northern boundary

-2-

of the area.

CIJMA'I'EiiliD VEGET TION
The region is high and semi-arid, with an average annual precipitation

of

10 to 15 inches.

The maximum and minimum temperatures
degrees respectively;

however,

are about 90 degrees and minus 30

the below zero atnIDsphere is dry and generally

calm and the summer evenings are cool.

Altitude

of the region is about a mile

above sea-level.
Sagebrush,

jack pines, willows, and a hardy grass malee up most of the

not too abundant vegetation.

Several farms exist in the area by combination

of dry land farmi~3 and stock raising.
PHYSIOGRAPHY
Relief and Drainage
The difference

of highest and lowest elevation is approximately

1,500

feet, the lowest being the Jefferson River and the highest being the top of a
rolling plateau.

During uplift of the plateau the Jefferson River steadily

cut through to form the steep-sided

Jefferson

Canyon, giving the area most of

its extreme relief.
The area is east of the Continental

Divide,

consequently,

the drainage

is to the Gulf of Mexico by the way of 11'1issouri
and Mississippi

Rivers; the

Jefferson River joining the Gallatin and Madison Rivers farther east at Three
Forks.

Mo st of the streams in the area are intermittent,

Boulder and South Boulder

Creeks.

exceptions are North

All drain into the Jefferson River.

General Features and Geology
In spite of uplift an ancient rolling
still exists in the northern

two-thirds

surface of relatively

of the area; the remaining

cut through by the Jefferson River to form the Jefferson Canyon.
stone compose most of the steep cliff-like
common at the base of -the limestone

cliffs.
-3-

canyon walls.

low relief
third being
Madison lime-

Talus slopes are
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Evidence of glaciation may be seen in the straight, U-shaped South Boulder
Canyon and in terrace gravels throughout the area.
Folding and faulting in the region has been pronounced.

Folding has re-

sulted in overturned members, and faulting has placed pre-Gamhrian
adjacent

to Devonian;

members

Cretaceous formations next to Permian, and Tertiary

against Mississippian.
Geologie formations

in the area are many and varied.

The geologie

col~~

is not complete, signifying unconforrrlties, some which represent a long period
of time.

A representative

columnar section has been taken along South Boulder

Canyon which contains all of the rocks exposed in the area except the arkose.

DESCRIPTION

OF ROC~ FOro TIONS

Pre-Cambrian
First of the pre-Cambrian

rocks are the Pony series.

made up of both light- and dark-colored

The Pony series is

gneisses and schists.

Black amphibolite

schist composed chiefly of hornblende with faint bands of feldspar is the most
characteristic

rock in this series.

is the light-colored,

Another

quartz-feldspar

characteristic

rock of this series

bearing graphic pegmatitic gneiss.

Origin of these series as to whether they are sedimentary

or igneous has

been obliterated by tremendous pressure and heat.
The Pony series were observed in the southern part of South Boulder Valley
lying unconformably

to the lower Paleozoic

sediments and in faulted drag-blocks

in the southeast portion of the area.
Belt ?
1fuch of the area contains a conglomeritic
and unconformably

and shale arkose lying below

to the Flathead formation of the lower Paleozoic and above

the Flathead and also unconformably

to the pre-Cambrian
-4-

Pony series.

The

arkose is absent in South Boulder Canyon, farther e stward the formation becomes apparent and increases in thickness to some thousands of feet.
The arkose nBy be a red brick-like rock with large phenocryst or may be
a grey-green conglomerate or shale.

The formation appears to be a mass of

unsorted material but bedding is evident.
The age and position of the arkose, as stated, is commonly accepted and
has come from reliable sources.

However, the writer's opinion differs and will

discuss the topic further under "Stratigraphy."

Paleozoic
The Paleozoic formations stand at a steep angle and in sharp folds and
are cut by many faults, some which are of great magnitude.
The Flathead Quartzite, the basal member of the series, is hard, compact,
brittle aud of a pink color.

Conglomerates and cross bedding are particular

fea tures of the base of the formation.
The rest of the Cambrian rocks are referred to as the Gallatin which
consists of Wolsey - a greenish shale lying above the Flathead; Meagher

'black

and gold' limestone - used as an ornamental building stone; Park - another
green shale; Pilgram - a blue-grey limestone; Dry Creek - a quartzitic sandstone; and Yogo - a limestone with quartz geodes.
Above the Gallatin lies the Devonian Jefferson limestone, characterized
by its black color when freshly broken and its dark brown appearance when
weathered.

Finely separated and almost paper-thin Three Forks shale follows

the Jefferson limestone.
Mountain-forming

1Bdison limestone of Missippian age is white, massive,

fOSSil bearing and forms the steep cliffs of the area.
is divided into two parts:

limestone and red shale.

-5-

The Amsden formation

The Quadrant is Pennsylvanian
of quartzite and limestone.

in age and consists of alternating members

It may have a red shale at its base.

Gray oolitic (phosphate rock) gave the Permian rock formation the name
"Phosphoria."
Ordovician and Silurian formations are lacking.
Mesozoic
The Triassic, the lowermost Mesozoic sediments, is absent.
The lowest formation present of the Jurassic period is the Ellis, a fossil oyster-bearing

limestone with a base of brownish-black

chert.

The Morrison

formation of the same period is present as a series of variegated shales.
The Kootenai formation is at the beginning of the Cretaceous period and
is a large basal sandstone overlain by red beds.

Part of the Kootenai is

sometimes called the Dakota which is a blue-grey, gas tropod-bearing
Middle Cretaceous is represented by the Colorado, a fine-grained
shale.

The Livingston formation, Upper Cretaceous,

and lavas.

The lavas

are

boulders in a lava mud.

basalt and andesite.

limestone.

dark grey

consists of agglomerates

The agglomerates are lava

The lavas and agglomerates are confined to the most

southeastern portion of the area.
Cenozoic
Cenozoic strata consists chiefly of tertiary alluvial debris and terrace
gravels.

The alluvial debris is composed of coarse material which is the re-

sult of flashy rainfall.
Igneous Rock
Igneous activity is represented by both acidic and basic magma.
several places acidic dikes were intruded.

Later came extrusions of a basic

magma flows forming sheets of andesite, rhyolite and basalt.
-6-
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STRA. TI GRAPEY

Approximately

three-fourths

of the total area is Beltian arkose.

of the remaining fourth consists of ~~dison

limestone and Tertiary gravel; the

rest of the formations make up only a small percent.

The writer has made a

detailed study of the southern portion of the Morrison
detailed reports of adjourning

1-fuch

Cave area (see map);

sections have been made by other crews.

The origin of the Beltian arkose is somewhat like this:
body of water, striking north and south receiving
from high mountains which border its shores.

an inlet of a

extremely coarse sediments

It must be large lake or an

inlet of a sea with a shore or beach near South Boulder Canyon because at
this point arkose is absent between the Flathead and the Pony series, also
at this point the base of the Flathead is conglomeritic
which indicates a beach.

and cross bedded

The "strike" must be north and south because con-

glomeritic arkose surrounds a shaly arkose on three sides.
is somewhat confined and near the northern portio~as
map, indicating an off-shore facies.

The shaly arkose

shown on the general

There must be high mountains bordering

the body of water to give sufficient gradient to streams in order to deposit
coarse, angular, feldspar-bearing,

clastic sediments.

A large fold structure is also evident in the northern portion.

This

is probably the end member of one of the large subordinate folds which continue almost the entire length of the Tobacco Root batholith; a similar
structure of equal magnitude

exists farther to the east.

(Not shown on the

map. )
A series of faults has been the result of tremendous uplift at the time
of batholithic

intrusion, which brings the Beltian arkose on the same plane

as the LiVingston volcanics.

Here the whole stratigraphic

12,000 feet has been doubled.
-7-

column of some

Another

fold at the extreme eastern boundary

of the region has been

faulted, parallel to the axis of the fold giving an unusual and somewhat rare
structure.
The southern portion of the area (see map) is the most complicated,
consisting

of an anticline and an adjacent overturned

fold.

the west side of the specific map, high bluffs of 1~dison

starting

limestone

from

is sep-

arated from the Cambrian by a fault which runs along the base of the bluff.
The dip of the Cambrian formations

is almost vertical at a low elevation and

at a higher elevation the dip ehanges decidedly
anticline

structure.

to the east, indicating an

The exposed formation which forms the present crest of

the anticline is an arkose; an arkose very much like the Beltian arkose but
different in that it contains red specks and is finer grain giving it an
appearance

characteristic

of the Woolsey member.

and the presence of trilobites
is almost conclusive

Its formational

near the observable

position

portion of the arkose

evidence that this particular

arkose is the same age as

Woolsey or V1iddle Cambrian and not Beltian in age.

:Mr. Ryan McNamee,

a

member of' the party, is making a detailed study as to the age of this arkose
and it will he of interest to learn what other facts he has found and what
conclusions he may draw.

Leaving the arkose and traveling

other side of the anticline
Woolsey containing

eastvmrd,

the

has been faulted out but the top member of the

trilobites

is present.

On the other side of the fault an interesting

area is encountered.

The fault lies on the crest of a hill which strikes roughly north and south.
On the slope of the hill are numerous
or into the hill.

horizontal

outcrops dipping westward

The outcrops are part of an overturned

of Which has been eroded away.

Evidence

fold; the crest

of a crest may be seen in the

Amsden formation at the southern tip of the hill and next to the highway.
-8-

The crest of the Amsden formation

is not completely

overturned

as in the Ellis

formation farther north whose crest is shown as a "race track" structure.
arched figure d'enotes a cross section of the fold as cut by a ravine.

The

The fold

plunges slightly to the south.
The Phosphovia
to faulting.

member is absent in the southern section of the hill due

Farther north, however, due to eneschelon faulting,

this partic-

ular member is repeated three times wi thin two hundred feet.

GEOLOGIC HISTORY
The~re-Cambrian

rocks in the region have been strongly metamorphosed

so little can be learned from them.
been folded, depressed beneath
before the Paleozoic

However, it is believed

seas, uplifted,

eroded, several times

sediments were deposited.

Series of uplifting and depressing

of the land brought about the accumula-

tion and partial erosion of the Paleozoic
Alternation

deformed,

these rocks have

of terrestrial

major portion of the Mesozoic

sediments.

deposits and marine sediments make up the

era into thick deposits of sandstones and shales.

The latter part of the l4:esozoicsaw the Rocky
by intrUSion which formed many batholiths.

ioun taf.n orogeny followed

The Tobacco Root batholith

being

formed at this time.
Erosion brought the Rocky

'tountain deformation

was to the west.

A minor deformation

which is prevalent

,

trusion of lavas.

to low relief; drainage

took place brining about block faulting,

in the eastern portion, also warping,

Result of this was the formation

numerous lakes and reversing

of the stream gradient

thrusting and ex-

of block fault mountains,
to the east.

Soon the lakes were filled with sediments from the rejuvenated

topography

and outlets of the lakes were lowered by erosion leaving the present day lakebeds dry,
-9-

Pleistocene

glaciation

formed the U-shaped South Boulder canyon and left

much glacial debris everywhere.

No~ the glaciers are gone and streams are

just getting a good start in tearing up the land surface other than the Jefferson Canyon.

It might be said the region is in extreme old age or extreme

youth.

ECONOMIC GEOLOGY
Several deposits of economic importance

exist in the area.

The largest

and most important deposit is a rather pure limestone, Quarried at Limespur
within the Madison formation.

The property was worked by the East Butte

Company of Butte from 1910 to about 1930.

Liquidation

of the company at this

time terminated operation of the Quarry.
Because of its purity the limestone had been used chiefly as a flux in
the East Butte Smelter.
in Billings.

The purest portion has been used by a sugar refinery

Some has been used for road material.

Full capacity of the

quarry was about 206 tons a day, employing 50 men.
1ethod of mining or Quarrying is known as the glory hole, that. is, an
adit was driven under the deposit and mining was carried upv~rd until the working place resembled a huge inverted cone with its apex forming the chute mouth
in the adit.

Size of the glory hole was about 300 feet across near the top.

The gypsum quarry farther to the east was exploited by the Trident Cement
Company from 1911 to 1929.

Approxirnately 100,000 tons of gypsum have been re-

moved, varying in grade from 50 to 86 percent gypsum.

Operations ceased when

the better grade of gypsum was mined out.
Many placers are found in the terrace gravels.
marginal,
region.

economically,

Evidently

the mining was

because no placer mining is carried on today in this

Water for placer operation was to be had by sluicing or by damming

small gullys and ravines above the placers.
-10-

West of Lahood Park a small chalcocite lead was fotmd and little work has
been done in following it up.

This seemingly unimportant

lead may be a clue to

ore deposits of the same magnitude and grade as in the 1,'ayflowerdistri ct because same conditions exist in both regions.

CONCLUSIONS
It would be a decided advantage

to have a large scale map of the surround-

ing territory which would include the Mayflower

district, Renova district,

Cardwell area, 'I'hreeForks district and the area southeast of the .~orrison
Cave.

A map such as this would greatly simplify many problems in this area.

The area immediately

to the east seems like a very interesting geologic

up.
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